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2.1. l“acililly

‘J’]](: im sllcrt  g]cnv ill tllc G 1/1” 1)(w1 fill(cl wit]] sea watm. ‘1’llc ]K)ol Wtls 18.3-111

l(MIg, 7.62-Iii wid(’, aII(l  2.14-111 de(q) as SIIOWII ill 1+’ig{llr  1. At c)]]c  mid o f  t]l(: 1)()()1 \ir21S  a

r(%(’rvoir  to ]Io]d  (XCCSS icc 01’ SIIOW  C](}a  IIII]) fI”olJl  I,]Ic  ])001 sllr~mllldil)g.  A  g:llltry, ~i’it,]]

t~i~ollolizc)llt?tl”  1  b(:all]s  al)mlt 4 II] al)(n~r t]](’ slllfaccof  t,]l(’ icc  S] ICCt,,  was IIIOVal)]COII  l;li]s

do]):; {11 C ])001. ‘I’llcg*llltryl  )lc)\~icl(:{ltll(~  Sulq)(nt  to IJJOUI1{ t,lleJ(t  l’lc)l)l~lsic)lll,;  ll)ol~it,c)ly

(.11’14) ]Jc,lari*,ldric  smt,teml,)ctm. A  iC’llt ai acon](:rof  th(!l)d  ]lolld  t]](!sc:itt(i~”c)]l](>t(>]

(“mlt)roll(:r,  COlll])ut!cr,  a n d  O])cl’titol’s. S(`\'Cl:lll )()\\'(`l`s  ()llr(.cJs\  \'(:l('?i  \~:]il?llll{il)  tll( t(l){ a]](l

11( ’at(’l’s  kq)tl tllo  tcllt  Wal’lll(d. At tll( otllm  c.OIIIC1  ())1  tll(: SaIIIC sid(: o f  tllc  1)001  (SCC

l“i,qlrc  1 ) ,  tllele  w a s  a sIIIall  1)111111)  lIoIls(~ ~i’l]mc~ tllc colltrollilig  ml~l])lltm’  fcn acquirilig

t(lll])(~tit,ll~(: lmofilm  of tllc ice slld locwtd. A  (x:]])(:]]t,  walkway (m]lwctd tl}e tmlt  ?Illd

11)(’ ])11111])  l]ollsc,  wllm(:  wc sdul)  ~1 s i t e  f(m ca]il)rati(nl targ(:ts.
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will(low  sc(ul 011  tllc  fIWlItf  ])al]cl  of tfl](:  Ii}{’  l)ox ill  F’igllrc 2 , .  \lT(’  acllicv(xl  a v e r y  st ?Il)lc t(’lll-

])(:IIltIIIc  il~si(le  tll(~ 1{1”  l)OX Ilsillg  aIl e l e c t r i c  faII aIId a ll(atcr  coII{,lwllcd l)y a]) i]]tcr]]al

I!(’lll])(:l’iltjlll’c  ])roccss[)]’. ‘I’l  Ic sca{tclc)IIIctcI  colll])lltcr  aIld coIItrollc13  tog(:tlI(:r  willll  illc

ll(’tlwork  aIIalymr  w e r e  ill tl)c t(u)tl)  frwll  whidl  wc o])mak(l  tllc  sc;ittc~c)ll)ctj(:l  aII(l  t o o k  1)()

larilllc{ric  lmckscatkr  data.  ~’l]c scattc:lc)lllct(:]  was a st(:l)-flcclllc:llcy  radar witl)  tllc caltcr

frqllm)q of 5 Gllz, a Ixi]]dwidtll  of 1 GHz, aIld  a Ima]llwidtl]  of

SyStlmII,  aIItc.lIIIa  clla)actclisifics,  o])(’rtitli{)ll ,  scllsitivity,  ca]il)ratio)l,

1)(:(:]]  ])r(xm]tcd  clscwl]crc  [Nqhim,  199(?; N,ohicm d (/.1., 19m$]  .

12° .  !I’11(’ Sc:l{t(!l’olllctcl”

1all(  (hta 1)1’  OCCSSOI°  llav(’

}“or tl]is  cxlxri]]]c]]t,  wc arra]Igcd  calil)ratio]]  targctls  (HI a Styrofcml]l  lxxlcsta]  ])lacc(l

ml to]) of  a cardl)oard  l)m at tllc calil)ratioll  s i t e  i]](lic.atml  i]] F’igIIrc  1. ‘J’l Ic calil)ratim]

targds  w(:lr a trilldral  mr]l(:r rdl(xtor  a]l(l  a II)etal]ic  s1)lI(:](:.  lVc: co17md  tllc’ flollt of  tll~::

I)ox tll](l tll(’  l)ackgloulld  of  t}le calil)ratiml  t,argd w’itl]  IJlicr(m’avc  al)soll)(:r  sllc!cts  to r(xlll(.(’

III(: IJois(:. 2’lIc  collcralt  slll)tmctiml  t(:clllli(]llc w a s  a])~)liml  to ol)taill mc(:llalt  mlilnwtiml

data. W(: rqylarly ]Iladc  cIcar sky lllc;~slllclll(:lltjs  to (I(:tfmllillc  systleln ]Ioism  f o r  rm]]mml

frolll  C;llil)latioll  RIIc1  sm icx IIlc:lslll(:lllellts.

‘1’11(  (11{1{1’)1)  llletlcc)lc)lc)gical  station  sitllat<ml  0]] a)] devatd  t(maill  al)ol]tl  7 . 3  )tl

al)[n7c all[l  1 8 3  111 ?lW7ay  fro]]] {lIC Gl{l{’  1)011(1. }47(:  a l s o  took sm icc  sa)lll)lcs  l)(:fm(:  Cacll

s~t, o f  I)aclscat,tm data aqllisitioll  to l]]c’asl]lc  icw tl]ic-kl){xs, salilliiy,  and structlllr.  ‘.l’11(~

tlll(mllistor  strings  stood v(:rtimlly  ill tll(:  Gli]” 1)001 at a ~)laa:  ill frcnlt of  tllc l)IIII]]J  11 OI]SC

al](l  awaJ7  frmll  sc+lttcl’olllet,cr footl)rilltls  fo] all illci(lrllt,  all(l azilllllt,ll allglm. ‘]’0 vmify  t,ll(’

Il]liforll]itly of tclll])cratllll’os,  WC Ilsml ii l]allcl-ll(:lcl  d i g i t a l  tllellllc)lll(:t(~l  to tt]lw air and ice

Surfa(”(; t,(:lll]  )cl’?lt,lll’cs  at tlllc  Ot!l)cr (:lld o f  tllc  1)001.

‘J’]](: LJW SCIISOI-S  i]]cludcd a 90- G}]z ra(liolll(:tu  l(m-itd m tl}(:  sid(’ of tll(:  ]mol across
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fro]l] {Illc scatt(:lo]]]ctlc]  calibratiml  site as i l l u s t r a t e  ill Figure  1. ‘1’lIc radiollletm  was a

IIc)isc-illj(:ctlic)l)  tyl)c  wit)ll  a balldwi(ltll  of 500 1411z al]d  a fldcl-of-vimv  of (3° fro)ll  a 11oN)  lm]s

:Illtmllla.  ‘J’llis  radiolllcta  was suit, al)lc  for slllf:ic(:-l):isfcl  lll(:~lsllrelllcl)ts  of s~a ic.c ill  Alctic

fidd cm)ditimls  [ Gwnjcll  (lnd Lohanickj 1985].  ‘J’lIC lleigllt  of tlllc la(liolllctcr  a]lil(u]l]a  wtls

ti])])~[)xil]l:ltcly  1.5 in almvc tllw surf  am of tl]c  im sl]wt.

2.3. IIata Collection

l{’or ti])])lc)xilllat{:ly  way 1  cl]] o f  t]JC icx: growt!]l, \\’c took  a sd of l)olarill)ctric

I)?lckscatltcr  data. ‘1’llc rangy  of illc.idmltl  al]glm  was  frolll  0 0 {0 600 wit]]  all illcrmllrllt,

of 5°. At(\’c!lyill  ciclclltallg  lc,\~~c ll~casll~cclfllll  sc~lttc:~illp;]  llat~iccsfc)rtl  ll[:cill(lc])  cll(lt:llt

azil]lllt]l  a]]~;lm. l’;ad) scattering  II)atrix was a Collmw]]tl  avuagc  of 20 sa]lll)lm  wit]]  401

frqllmlq~ lmintls mm 1 GHz lmlldwiclth. ‘J’IIc d~ttfi  procmsi~lg  [Nghicm,  1$’93’; N9hic7n. ct

d., 1$’gtib]  illduded  data clecc)llll)lc:ssic)ll,  .syst,~lll  IIois(:  lclll(n~al, wil]dowillg,  F’cmrim tll’alls-

fo]]]]s,tl  iI]l{g?l ti]]g,sj~stclll  t]~llsfc]fll]]ctio]]  cc)]] ]l)lltati()ll,si  gl]211](` cc))lstIllcti[)]  ],c]]scl]ll)lc

iivoagillg,  tll~ec-clilllcllsic)]l~~l  alltollltl  ])att)m.ll clltir:lctc]izatioll,  I)adcscattler  cl(:(:c)ll~’ollltic)ll,

])c)l:ilill]{:tlic  calil)ratlim) , and radio llldric  Calil)rat)icnl. l’rmmscxl  l~ackscattu  data cm]sist

of C7}IA f(n llorixcn~tal ])olarizatlim,  01, t, for  vmtica]  polarizatiml,  o~,, for Crc)ss-])c)lilrizatic)ll,

and p f o r  Cc)lll]dm  corrdatliml  bdwmu]  IIorizcn]tja]  a]]d vdim] rdlnms,  (kqwlarizcxl  a]l(l

c]oss-l)olaliz(’(1”  fidds arc: ]IOtl  corrclatd (Iue to tllc fizilllutlla]  syl]llllc:try  o f  tllc icc slld.

‘J’I]c llictcc)]c)lc)gic~il  static)]] for  cll~~ilc)lllllcllt;ll  ]Ilollitc)rillg:it  Cltl{l’;I,  l]a(l sulsorsfo]

air tJ(:ll)])cl’atflll’c,  radintio]l  at, sllo]t  RI](1 ]ollg wavm, wind slmxl, al]d  wi)lcl dilmtiml. k’or

air {Iell]])(:latjlll’c, l{otronics  hfll’-lo(l  l’rolw took  data and avoqyxl  IIlctlslllclllt:llts  ova 15

II]illutrs  witl]l  al] accuracy of ().l °C. ‘J’l]cs  sm]sors  for ra(liatlioll  Iw:rc sl]olt,-wave (().3-3 //]]])
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All ill]lm’tallt  factor  i]] tllc stll(ly  o f  (Iilllllal  cflkcts  i s  wi]ld  ccnldi{,imls.  }Iigl] willcls

sigllificalll,  ]y af~mt,  tlic sllrfaccllcat,  collvcctic)ll  and tlllls  t}lc  irc g]owtll  [Ada7n.~ ct. al.,  1$’91].

It is llcccssary  to have a lmsjstult  or low wind collditicnl  to avoid  c.ollll)limtld  17ariatjolls

i]) the icc growth lmxms. ovmtl]C  dlmltiml  ofmlr mjmilllmlt, tllc avaagcwilld  SIXXX1

]))ciisurml  a{ {111: llletcc)lc)logical  statiml was m]ly 0.6 ]llos- 1 at 4-111  IIeigllt  almve tjllc:  statim]

gIX)IIII(l level  ill  additio)l  to 7 . 3  111 al)ov(: tllc G]{]”

{1](: IIliddlc  of  a 10WT tlmrail)  surroIl]l{lc{l l)y clm’atml

])011(1. Sillcc  tllc (;1{1”  l)oll(l w a s  ill

)ill si(lcs,  lmildings,  and falms, wind

slmds a t  tllc cxlmjlncmt  s i t e  wmc CVCII  lmva or cJosc to tlllc d i l l  air cxmditim,  ‘1’1](:s(:

clll~ilolllllcllt:ll  cmlditlim]s  Cllcoul)tmd  during  tlllis  cq)erilllmlt  arc: lmrticular]y  suital)lc  to

st,ll(ly I,]](: dillnlal  I)ackscatt,m sig]latulcof  t,llill  im sil]lilalt,o  t,llc  sm icx follllat,i{nl  ill Alct,ic

lm(ls.

3.2. GrowtlI  l ’ recess

MTC il)itiatcd  tll(: sca icc  g r o w t h  floll)  ()])cII  SCH watu  at al)ollt,  1 ():00  21111  I()(wI  till)c  0 1 1 1 9

.J:i)]lulry 1994. ‘J’IIc sm watm 11:1(I  ti] sal{ lllixtllrc  of IIlfiil]ly  sodilllll  c.llloridc (ATa U), )na~lle

sillll)  d)lroridc (Mg$lz), lnagllcxiulll  slllfat,c  (MgS04), calcilllll  slllfa{,c (C; aS04),  l)otassill)ll

slllfatlc (l<~S04),  aI]d C,alc,iulll  carbonate  (ca C,03). Tal)le  1  l i s t s  tlllc salt, colnl)ositiol],

Cllmllim] lcl)lcs(:l~tjatic)ll ,  and lllixillg  l)ortiol~ Ilsr(l  ill tl)is  ml)mill)mlt  to ol)tail]  a salillii,y

t)f 300/00 , wllicl) i s  ill tl)c  tyl)ica]  raIIgc  o f  sc; i watm salil]ity i]] tl](: Arctic occa]]. ‘J’l]is

]Ilixturc  cxn)tains  tllc sa]nc salt frac.ticnls  a s  ill  tyl)ical sm wata  [iVc I/7na7L7L a7d PZCTS071)
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3.3. l’hysical  Character is t ics

At i]]{ {;111(!  o f  t}]c. initia]  g]owth, IIIC solar  Sliort,-wav(’  ra(lia{iol)  w a s ligll (}+’igurc

3a) al ld tllc grmvt’11 I’a t(’ was \7cIy slow (1’’igllrc  41)). ‘J’l)is  s low growtl~ lnodllmxl  a Illil)

il]clllmtlitn] laym wit]]  vmtlica]  crystz]llc)gral)llic  c axs a]]d a vay low salinity. ‘J’l Jc forlllatioll

o f  tlIC illculmticm  laym l]ad  lxu] olmrvd ill U](YI  ice ill lalmatory  cmlditiolls  [ (i’ow, 198<]

:]]](1 ill )latllral  sm im ill tlllc IIay o f  IIolllllia  [G’ow ci. d., 1992]. ‘J’llis  illitlial  layer occu])icd

tllc to]) fcw lnillillldxm  (W 5 IIIIH) as sccII  ill  111 C vmtical tllill  sdions  ill  figure  5. Iklow tllc

illculmtioll  layx, icc crystals  tral~sitfimld to ordi]lary  mlu]]]l]ar  sm im w i t h  c axes tliltd

/Iway frwll nadir aud ra]ldcnllly  orimlt)ml  ill  axill)ut)l].  Col]llmrillg  tllc~ to]) a)ld  tllc: ldt(m)

IIorizmltal tlllin  smtimls ill F’igurc:  5, W(: Ol)scrvc tll(:  COlltl’ast  l)dwm’11  ill{: grallulal’  llat’lu’(’

o f  icc in tllc  illcul)atjim]  l a y e r  al](]  t$l IC (l(’lldriilic  l)c)l~~c)~~stliillill(~  st$ructllrc  of collll  Ill Iar i c e .

A  S1OTT7  grc)wtlI  r a t e  rcslIlts  ill  IIIOr( c fl(~(.tivc  l>rillc rc~ccticnl  al]d  c.c)l)s(:(jll(lltly  ICSS

Inille clltral)lllmlt  in scm im [  W e e k s  and Acttlc?y, 1$16’2;  Nalmwo  and Sidm, 196’1]. l“igurc 6

lmwl)ts  salillitly  lwofi]m  of sm icc sa]]]l)lcx  at, \7arimls growth stagm with dif[mult  t h i c k -

IICSSCS.  ‘1’IIc  salillitly lmofilm  i]l(licatr  t h a t  tllc ]]mr slwfau: laym c.olltail~cd sigllificalltjly

lowel’ stllillity  in all casm. ‘1’l)is  is c.ol]sist, uli with tlllc  forll)atioll  of {11(:  illcubatiml  lay:]  at,

a vq low growth rate M’OUII(l  solar  ]100]]” o]] ]  g J  illlll~l’~~. Notc that  tl]c ]mfks do ]lot

l]~ivctllc  usual C; sllal)c  l)c)ssil~l]’  l)ccallse  of variatio]ls  ill g rowth  rate at diflmmltj wanllillg

a]I(l cooling tulllmaturm.

‘J’l)e  dmalil]atjiml  is a~qmrcvlt ill tl)c  dcawasc d I)ull< salinity  as the icc sheet  agd and

tlliclw~lul  as SI]OWII  ill tlIC to]) ~m]]d  of }“iglur  7. ‘J’lIc  lil]mr  fitting  curve  lJas aI] initial  WIIIIC

of 1 ‘2,()()/00 m]d a IIcgat)ivc s101)c of 0.4 LS[)/00 lm cln. ~’l]c illtallal  salinity  10ss was  l)rilllarily



1 )y (l(nvllwal’[1

illc IIli(ldlc  I)aI~d  of P’iguIc 7 .  }“m caclI cycle,  a  qu;I(lIa

(l;lta  aIl(l  is ])lottcd  with tllc colltilluolls  CI1]lTC.

ic functiml  fits the  tcllllmratlllrc

‘J’llc I)ottlolll  l)al)d  of k’igurc  7 snows variatiol]s  ill l)lillc w)ll]]]]c vc]sus  ice t,llicl;llcss.

‘.I’llC (lata l’(:])rcs(:l]t  calculatials  flo]ll  t,ll(:llllc)(lyllalllic  l)llasc  cqllatiol]s  l)y cm ;]]](1  Week:;

[1.9&’t9]  I,ascd 0,] ,,lcasllrcd or cxt~i]j,(,l?,t(:cl  salil,ity a,]{] t(:,,,~,c~z,tll*c:. ‘1’IIC  I)lil)c  volllIJl(”

cl]rvc  is fro]])  fitjtcd salinity  a]lcl t,clIl})cr;lt,lur  V; IIIICS, A  C.o]lll)i]]t]tio)]  of dcsali])atio]]  aII(l

(lilll’]l:il  (’fl$ccts  arc })ot]] II)allifcst  ill t)l]c  1)]’i]]c volll]lic  ovc]  tl]c  1 ()- CJII  raIIgc of t l]icl; ]l(ws

wit]] a gcnual  dccrmsillg  trclld  illll)osillg  on tl]c  tllcrlllal  cyc les . ‘J’l]c  diun]a] cycl(:s i]] tll(

I)]i]]c VOIIIIII(:  arc quit(:  Sig]]ific.allt  witllJ  a l]igl]tti]I]c  fruw- l]]) o f  5 0 %  liquid  l)lIas(’  alId  a

{laytil  I1c  rccx)voy  o f  5 0 %  l)ril)c  1701uIIJe  ol)sclwc(l  ill l)ot,l I cyc.l(:s.

l]rig]]tncss  t(!lll])clatllllcs  of tl]c  ice slIcct  f(m l)otlI liorizo]lt,al  alId  vcrtica]  ])olzilizatic)lls,

~}~~, ;III(l 7} It, rcsl)cci,ivcly,  at 90 (J}lz alId  50° i]]ci(l(:]]t  aIIglc  slIow (Iiunlal  cycl(:s as SCCI1

i]] l{’iglm 8. ‘1’llc c y c l e s  arc well (lAII(Y1  cxcq)t  for  tl]e  fi]st fcw II)illil)ldms  o f  tllc icr

~;lxnvijli  wl)c]l tl]c  p]]tisc  trallsitiol)  w a s  il)l)c)lJ1Og(ll(c]lls  }1]](1 coll]l)licatcd.  N’otc tllnt t<llc

(l{lyiill]c  l)cak  tit tll)c gl”owtll]  s t a g e  l)ctwcu]  5 al]d  6 all coincides  I\ ’itll] tllc icc t(.’llll)cl’{lt,[ll’(:

lx$ak  ill  l’igl]rc 7  al]d  with t,llc  slllface  t,clll~)[:l;ltlll’c  l) Ciili  rq)lottd  as a  fullcti(nl  o f  ice

Ill]ick]](w i]] }{’igtlrc  9. g’llis  is l)ccallsc  ljligl]tl]]css t[’]]]])cr:itll]cs  arc sc]lsitivc to tl]r })llysic.<~1

t(’lJl])(’I’tltlll’C  Of t]l(’ tW’&!t. ‘1’llus, tlIc  ra(liolJl(tm ol)s(ll~i]ti[)lls  aflil’111  tllc  diulllal  Ics])c)Ilsc  o f

tll(’  icc  S]l(:ct.  TVC w i l l  use tllc  sca ic(: ])llysica]  clJ:1121ct,clistlics  ulId(v tll(:rlllal  c.yclillg  e f f e c t s
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lncsc]]tcd almvc to calculate a]]d to cxl)lail]  tll]c olNm\7d diurnal Imckscattcr  sigllaturc.

4. 13ackscat,tcr  Signatures

4.1  l’kpc!l’imc!llkl  Obsc!rvatiolls

‘J’lIc  diuulal  cyclil]g  sig]]aturc i s  midc]It  i]] tl]c  C-lm]Id  lmc.kscattcr  sllow]I i]] l“igurc

9 for horizontal ]mlarizatiol). 1“01’ lcfcl’cl 1(X:, W(: ])rcsclIt  I)ackscatltcr  d a t a  togctllcr  wit]]

II I(~:ISIII(~IIIC  IItfS of S(W icc s u r f a c e  t(:ll)l)(:latlllc. Sllrf:icc  if]IIIJ(ItiItll]e  d a t a  acqllirml hy tl]c

(Iigital  ill(:llllc)lllct(~l were at, tllc surface arm ]Icar  tl]c  sc~ltt(:lc)]llct[:l gantry a]]d tllcrlllistm

(I?lt,a  W(!l’c ?It, Lllc  Ot!llc]’  C]](1 o f  tile Glt 1“ ]Kmd. ‘J’l Ic t(llll)c]~[t$~llcs  WCK relatively lloIIloge

IIc(ms over t h e  e n t i r e  icc  s u r f a c e  consi(l(:rillp;  IIlcasurclllcnt  Illlc(:rt,ziillti(:s.  IIackscatt(:r  data

for l)otlI 25°  alId  30°  i]lcidc]~t al~glcs  clearly mllil)it  tllcsc cl]al};lct(,]istics:  (a) Ixickscattcr

diur]jal  cycles arc slll~stalltial  witlll  wlriatiolls  111) to G (l I\, (b) l);l  Cli SC~tt(!l’  al]{l t(’lIll)cI”?itlll(’

Cych’s ~1~’(’ Syllclmmms  and W(:11  Coldat(’d,  and (c) l)acksczlt’tcr  Cycles al’(: rc])rtit’al)lc  a long

witj]l  dimmal  tlllcr]lla] variatiwls. llackscattcr  at, ot$llcr  illc.idolt  aIIglcs  aIl[l ]mlarizatims

lI:Is  a sil]]ilar  diurl]a]  sigllatmc as sl)owl) later ill l“igllrc  13 ill Scctiml 4.4 for co]n])arism]s

I)ct)wmxl  tllcowticd  rwults and cx])cri]]]c]]tal  (lata,

Surf;lcc  salil)ity II]casumllalts  do I]otl  sul)lmt  tllc occ.urm]cc o f  m]y cvmlt  o f  l)rillc

cxlmlsioll  to tlllc sca icc s u r f a c e . ‘J’llis  agrees wit 1] tl)e  cxistcllcc  of tl]c  illcul)atio])  lay(r,

wllicll  scrvd as a barrier lnmmlltillg  illicrual  l)rillc  fro]ll  surfaci]lg. Tlms,  {!11(:  6 (111  Cllallg(’

callllotj  I)c rclakd to {IIIC  s u r f a c e  I)rillc  cx])ldsioll. A s  olm,rvd  ill }“igllrc 9, tl]c  l)ackscatt(:r

])(’i\li(\(l at t,llc growt,ll  st,agc of  5 . 4  clll c l o s e  to tlic daytilllc  icc tclll])(:latfllrc  maxilllmn.

l“iglm:  9, lIowcvcr , i]ldicatjcs  that  tjl]c I)ackscatt(:]’  l)(:ca III(: less  c.orldatjd  witl]  t(:lll])(:l’zltlll’c
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Wllcl] Il]c icc sllcct g r e w  tlllickcr tl]ougl]  tllc (lillrllal  sigllatllrc  v.’as still  IJrclwilil]g.  ‘1’owalx]

tllc rlld d t h i s  cxlxrilncllt,  lnorc  frost, flmvcrs  alqmmd  0]1 tl)c  icc slwfidcc cslmcia]ly  ill

tllc ama cc)llcsl)c)llclillg b la rger  illcidclli allglcs. ‘1’11(: rclwatal)ilit)y of lJ~diSCHttlC1’  cycles

1 1  l)]OCCSS,  wllic]lis  rcsl)ollsivcsllg~csts tllai t,llc  scai, t,crillg IIldlallisnl  Irlai, cs {,0 a levcrsi ) c

to tl)c  dilllllal  {Illcrlllal  c-yclil]g. III tllc followil]g  scctiol]s, m: will talic illt,o  ac.c.olllltl  {Il)csc

(:xl)(’lilllclltltil  c)l)scll~zltfic)lls  ill rclatillg  {Jllc  1)21(’1i SCiltt(!l’ to l)llysical  cllt]lactclist,  ics of sc~l icc

to cxldaiu  tlllc diurnal  cycles ill tllc sciltt,clc)l))c’tcl )llc:isl~]c]l]c]lt,s,

4 . 2  SCa  Ice  l’;lectrolllagllctics

‘J’l]is scct,ion (Iiscllsscs  t]lc  Idatiollsllil)  I)ct,wcc]] scti icc {:lcctlc)llla~ll[t,ic,  cll;ll;(ctclistics

Hl]d l)llysical  icc lnqmrt,ics  ulldcrgoil)g  d iu rna l  wannillg  a]]d coo]illg  cydcs.  F’irst,  clcctro

ll)ap;l)ctlic  wave lnq)agatlion,  attlcl)uatim, rcflccticn),  all(l tlrallslllissioll  dc])cxlcl  0]1 rclat,  ivc

illclllsiolls  ill  tlllc sca icc sllcct  is also a functjiml

[S’f,og7?y7t,  a7t,d l)c.~argani, 196’5’]. ‘J’l]lls, diur,,a]

ill tl](’ cflkctivc  l)cllllitti~~it~~  of sea ice, wllicll  is

illclllsi(nls.

Scaltcril]g  frolll  illllo]ll[)~cll(:it,ics  such as

Volulll(!  [N@2fm  d (d., 199 S’; 1$’gja- c]. As s1]ow]] ill  l“i~llrc  7, tllc fractim)al  voll~ll]c  of brine
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ldfsctittcr.  Moreover,  warl])i]]g  a]]d cooling of tllc sca icc sl]cct  give rise to c]]largr]l]cl]t

a]](l sl]lil)lwgc  of I)rillc  l)ockct,s [l’crovic}lj  a7Ld G’oti)j 1991], rcslwctively  lry IIlcltillg  a]]d

frcczillg o f  lnillc  l)ockct  w a l l s  to IiCC]) tl)c  ])l]asc disllil~lltioll  01] tjllc  clltectic Cllrvc.  1{ ’01

IIlillill)ctllic  al](l slll)lllillilll(:iflic  l)lillc scattclcrs  t]lat arc lllllcl]  s] Ilalla  i]]al] tllc lvavclmlgtlll

{)f (io 111111 a t  5 Gllx, tllc l.)<lcl<sc.iltliclillg  c]oss scctiml ill  tllc l{aylcig]l  rcgilllc v:lrics  with

111 IC sixtjll  lmwcr o f  tllc sc.atjtclu’  size [Kong,  1986]. C;(),,s((,,,cl) ily, l)acksc.attm is l]igll(r

for lar,gp  I)rillc  lmckdjs at, war]J]cr  tcll]l)cliitll~cs.  }Iowmcr, Cflccts 011 I)?lcliscattcl’ caused

l)y tllcnllal  diurlld  cycling ill l)crlllittivity,  l)rillc  volulllcl and scatltcrcr  arc cmlll)ditive.

Wllilc illmcascs  ill  l)rillc  vollul]c  al]d  l)ockct  size at, a Iligllcr  tclnl)cratluc  lca(l  io I)acliscattcr

il)crcasc, cflcctivc lmmittivity  also il]crcasm [N.qhicm Ci d., 199Ga]  aIId so do attclmaiiol]

}11](1 rcflrctlivity,  which dc.clrasc il]c  I)ackscattcr  frmll  tulle illllolllc)~cl~eolls”  sra ice l a y e r .

‘J’llc l’o~l~llllcss  o]] tllc ail-ice illtdacc also  affects il}lc l);lCliSC:ltt(!l’  (Iilm]al  cyclm esl)(’-

cial]y  at s]]]dl iljci(lcllt  a]]glcs. For /1 givcll rol@IIlcss,  a IIigllcr  ])cllllitti~’it)~ ill  tlllc surface

l a y e r  illmcascs  t)llc slufacc scattcril)g  frolll  sca icc [lVgh2c7n  ci d., 199fia] with a weak tlcllb

]KTatllrc  (l(!])[UI[lC1lCT. 111  f a c t ,  Wc Ol)s[!l’vd S[)lllc  Slllall  Scal(!  r[)llghl]css  0 1 1  tll(! Sul”f?lc(!  of tll(:

icc  sllcct  (luring  tjllc  icc  grc)wtll. ‘I’l  Iuc w a s  II() sigl)ifica]lt  cl IalIgc ill t,lIc  roup; lIII(xs as tll(:  ic(:

agc(l  l)ccausc  tjllc  surfac.c  was frozcll  solid witll)outl  wil)(]  aII(l  w a v e  actimls.  ‘I’l Ic. al)l)(wraIIc.(:

o f  SOIIIC  II Ior(: frost fiov7crs  toward  t,hc CIId o f  tlllc  cx])(~rilllcllt  could  illcrmsc  t)llc IwuglIIIcss.

11m\7cv(Y,  tl)is cfrm.tf  i s  not sigllificmltf  otlllcm’isc  tlIeIc slIoIIld  1)(: a  gu]cral  i)lcrrasiljg  trcIId

i])  tllI(~ l)acl{scatltcr)  which  i s  l)ot su]q)ortd l)y tjllc  l)ackscattcr  lllcasllIclllcl)tJs. 1“01’  tll(’

IIigllly stllinc  tjllill  icc ul]dcr  c{)llsi(lcltltic)l], tllc scattcri]lg  cmltrilmtiml  at, C lxuld  frmll  tl]c

lowm  illtclfacc  bctjwccll icc and wtltc]’ is l]otj i] l]l)orta]]t  as })rovc{l fxl)(~lill)clltzllly  [iVqLic7r/

(:i/ (Il., Iwfib].
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4 . 3  l)iurna] l)ackscattm- Moclel

‘J’IIcI  al)ove  cl<:ctlc)ll)zigllctic  clltlltlctelist,ics  of sea icc rclatcc]  t o t llc l)llysical  l)ro])crt,ics

Illl(lclgoillg  dilmlal  tllcrll)al  cycles a)’c Ilccmsaly ill tllc dcvdo~)lllcllt  of a sm ic.c scattmil]g

II)(dcl  to cxl)laill  tl]c  oljsclw~itioll  o f  (Iilullal  lmckscat,t,a  valiatjio]ls. ‘J’l]c  n]o(lcl  IIW(lS

to a(”colult for tllc colltlrilmtivc  all(l collll)ctit,ivc  effects  of  tllc scattwillg  Illcch:illisllls  as

(Iiscllssd ill tllc last scctiml. WTc l]avc  (Icvclol)cd  sea im! IIlodcls  illcllldillg s c a t t e r i n g  frolll

illllol]lc)g(:llcitics  ill tllc ice l a y e r , collll)ositc  ]m]g;l]]]csscs 011 Illcdiulll  illtmfaccs, IIlllltil)lc

Ii7:Iv(~ i]]t,c]act,jol]s  wit,]l ]:IyCI  boIIII(]?Ili(s,  al][l  w:Iv(,  ])lo])~gat, iol) a]](l  att,cllllatlioll  ill Collll)lm.

ll(t(:]c)g(:]]cc)lls  lllcdia [Nghic~n ct d . ,  199$;  1 !lf)fi(/- c ;  199Ga]. ‘J’lICSC  lI]o(]cIs CIICOI1l])?LS!S

l)llysica],  structllral,  t,l)(,lll]c)(ly]]alllic, al]d  cl(!ct)l[)(l~~llzll]lic  l)l(qmtics  of sca i ce . 111 illis

scct,ioll,  wc r e v i e w  t,llc  i,llcory  a)ld  l~rcscllt, t,llc  al)l)licatioll fol a diunlal  l)ackscattcr  I11o(IcI

of sca ice.

}“igurc 1() lq~rcscllts tllc scmttcriljg  cc)llfig;lll~~tic)l)  o f  t]lc  ]aymd  sca ice IIJodcl. ‘J’]](

Ill)lm half sl)acc  is  air witlll  l)crl]litltivity  crJ. ~’l]c sc}i icc laym colltai]ls  icc wit]]  ra]l(lm]]

l)ril]c  illclllsicn]s  al]d  l]as  a  mug]] slllfacr  tit tll(!  tiir-icc  illtcrfacc  aIId Inillc  illclusimls ill

tllc icc layer. ‘J’lw lmttol~~  Imm]dary lx%wcml  ice a]]d w a t e r  ]]as l i t t l e  unltributiol)  ill tl)c

Imckscattlcr  and is  ]l]odclcd  as a lJaIIar illtlcrfacc. ‘J’l]c  low(v.  half s])ace  i s  sm watm  w i t h

])(,ll]litti~~it~~  (2 givml l)y l<lcill  aIl(l Swift,  [1977] .  ‘J’llc IIotatimls  ill  this  JI]odc]  for tllc IIlcclia

1 “al~’ sll wn’ll)il  O for air, 1 for SCM ic,c, and 2 fm s(:?I w:It,(:l.

}“0)  a tlargctjcd  a r e a  A at a distallcc  7> fro]]] tllc scattclc)ll]ctcl,  lx)larilllrtric  lxlclfscat-

tclillg  c(x:fliciclltl  C71,7 ~,K is

(1)
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wlIuY’  ~; i s  an clcctlric  fid(l witlI  i t s  COIII1)lCX  c(nljllgai,c  Iq)I’cs(xItcd  witl)  2111 ast(visk,  tllc

allgldar bx’ackt  s [lclldc  t!llc m 1s0111  )lC. avc,l’ age,, slll)scliptjs  II, v, 7-, aIId K a r c  }1 f o r  IIorizolltlfll

oI’  v f o r  v(:rt,  ica]  ]Jdarizatlion,  mI(l i aIl(l  s f o r  illcidmtl  aIld  scattmd  fI(:lds,  rcs]wc.tivcly.

14’01’  Scattcrcrs sllcl]  as l)ri]lc  i]lclllsi(n]s  ill tile sca icc SlICCtl, tlIc  CIISCIII1)lC  :11’cragc i]]

(1) is tl{t~:r]lli]]d  l)y

01 i; i s  ill voll]]Ilc 1“1 o f  tllc sca icr slIcct, (G}

aII(l (J’) is tlIc  IIlCaII illcidmt  f i e ld .  As  SCCI1 ill

tllI( vc]tic{~l  tl]i]l scctiou i]] F’igurc 5 aIld  otlIcI  icr sal]]l)lcs,  tllc icc c r y s t a l s  arc tliltcd  wit]]

110 l)lcfercllt)ial  azilllutllal  dircctiml. ‘1’1111s,  vw: (Icscril)c  tllc oliclltatioll  [Iistlil)lltioll  wit]]

111 (I), colm:lat,ioll  fllllctio]l  L’1 (j~~,), of tllc scat t,(qcr

wllcrc d’j< is tl]c  llorlllalizcd  corrclatlim fllllctioll  dcfil)d  in tllc local coordillatm  (r’, y’, 2’)

{is [Nghicm  cir (]1., 1993]

(4)



(Iillrl}al  variatim)s.

\3711ilc giving  rise tc) tllc l):lclcsc~ttt[:lillg, I)lillc  illclllsiolls  also  illflucllcc  (-lC’ctl’C)lllax-

IIctic  wave }nqmgatioll  a)ld  attmluaticnl  charactcrimd  wiilll  cflcdivc  l)crulitltivitjy  c1 ,~f. I“or

sca icc wit]]  ra]ldolnly  orialt)d  l)rillc  lmckcts,  tllc cflkctivc  lmlnittivity  is isotlrq)ic  al]d  cx-

])1’(’SSC(l  as

(5)

w]l(:](:  (k$’] ) is t,]l~: ~VU-~gCI  c)f t,])c l)c)lflliz:il)ilitf~~ o f  cllil)soidal  Ini]lc illclusimls [Nghic7rL  ci

d, 1$’95a]. ~’llc tam ;~ ~ ill  (5)  rqncsclltls  {II(: q u a s i - s t a t i c  cflcct, which  has the forlll

of 1 ‘o]dcr-va]]  Salltm mixing forlnula and rclatm to l)crlllitti~’itics  of the collstitucntjs  ill

SC:I  ice. ‘1’1]11s,  diunlal  tl)cnlla] cflccts 011 ))rllllittil’iti(:s  o f  t$llc icc l)21Cligl’C)llll{l  and l)rinc

IIlixillg. Efl<x:tivc  scattcrcr  ~j(~~

attclllmtioll,  ‘1’l]c salllcforlll  o f

tllcrcforc, it directly varies witlll

tllc diurnal  cycles ill  Imillc volulllc al]d  scattcrcr  s i r e . ‘1’llis  illcludcs  into tllc ]nmlcl  tl]c

col)llx~titivc  cf~cct iu scattcri]lg  mccllallisl])s  as (Iiscusscd  ill Scctio]]  4 . 2 .

}“orrmq+ surface scatltjcrillg  ill layered ll}dia, }V[J l]~v(; [l(!VC]O1)(.(1 :111[1 1)] ’(w]t, d tllc

1110(1(:1 [Nghim cf al., 199jb].  ~'llcslllf:lccs  c~ittclillgisaf  llllcti()ll()f\  t'avc\'cctlc)l;  tllm,  tlllis

]llccl~~lllislll  i s  lCSS  smlsitivc  to tllc diunlal  cfl~wt sillc.c  tllc M7avc  I]u]]]lm  (lc1)c]IcIs mly m
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tl)c  collll)lcx  squalcrootj  of illc (Iiunlally  cyclul l)clll)itt,i~~il~~. WC ]Iavc ])rcsdc(l c[)lll])l(!tc

:11](1 cxl)licit  IIlatllclllatical  ml)rcssiolls fo r  {Il)e  col}jl)osi{lc  scatt)clillg illcllldillg volu]llc  all(l

sllrfacc ]llccl]allis]lls  HI](I fm cflcctil’c  l)(~l’lllittil~itjy  of sca icc clscwllcrc [N@icmdd.,  1993;

19$’5{1-(:;  1996(1J.

4.4 l)ala Comparisons
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lIIodcl  IIccds  k) rq)ducc a]Id to cxl)lailI  tl]c  diur]]al wanni]]g tIIId cc)oli])g  c.yc]cs cdlil)itcd

i]] tll Ie I)ackscailtcr  sig)latlurc  IIlcasurcxl  by tlIc  sc;]ttc]c))llctc’].

F’igmc  I 1 collll)arcs Calclllatd  all(l lllc~sllrc(l  IJolarilllctric  b~CliSCEitt(:l’ as a fllllction

of il)cidclltj al]glcs  frolll  200 to 5L0 for tl]c  illtjtlll]ccli;\tc  growtl] stage coI1csl)c)ll(lillg  to 5.4-

, .
CI]] tl)icl{  i ce .  1]] gc]]cral, lmckscattlcrillg cocfflclclltls a}Z)l  a n d  at,ll col I 1] )al’c W:]]. 1 lmw!vcl ,

tllcolx:tic:ll  clc)ss-l)c)l?lrizccl  I)ackscattm al,l,  is low’cl il)al]  Cxl)clill)clltal  (Iat, a. ‘J’llis  is I)mallsr

]I](m collll)licatJcd  stlllctllrcs ill  sea ice a]ld  lligllm. o r d e r  scattlcrillg arc Ilotl cxnlsi(lud  ill

tll(’ lll[KIC1. I(’cw tllc cxmll)lcx c.orrclation  cocfficimltl  p, tllc ]llodd  IIlagllitudc  i s  s l i g h t l y

l]ig])m tllal)  cxlmimcntlal  d a t a ;  and botl] calculatc(l  all(l ]I]casurcd  l)l]ascs  arc s]nall  f o r

l))ost  il]cidcnt,  a]]glcs.  At l a r g e  illcidcllt  a]]glcs  SIICI]  as 500 a]ld  55°, lllcasllrccl  lllagllitll(lm

of p arc ll]ucl] lower and l~l]tiscs  of p ?i]c lligl]a’  t,ljall Il)c Calculated O]lCS.  011 tllc icc sllrf;lct:

at tfl)csc  illcidaltl  mlglcs,  so]l]c frost flowms  al)l)carc(l  at, tl]is  .growtlll  s t a g e ,  wllicll  arc 1101.

illdlldd  ill tllc ]llmlcl.

l’olarizatiol]  sigllaturcs,  wllicl) arc IIorllldizd lmckscattcr  0,, at, al] lxdarixatlicnls  ill

clll(lil)g  lil]mr, circular, a]]d cllil)tica]  waves [Nq}/ic?r/  cf al., 19!)3], arc l)lottc(l as a fllllc.tiol 1

of (niclltlallioll :]]](1 clli])ticity allglcs  ill F’igurc 12 for tllc 5.4- cIII tllid icc at, 400 illcidcllt  an

glc.  ‘J’lIc  co]uImt(xl

ill  l“igllrc  12. lk)tll

is 900 al]d  dlil)ticity mglc fic is 00 “ “, lndicatlll)g  t)l)atl  tlllc  vcrtic; il lil]car l)olarizatioll  g i v e s

ii IIlaxillllull  retlllrll al)ovc  all possil)lc  ldarixatjim)  Stlallcs, ~’lle lxdcstal  ill  tl]e  ca lcu la ted

sigllatluc,  llowcvcr , is lower ilnl)lyillg  H lower dq)olarizillg  cfl”cct  ill tllle  tllcory as collll)alccl

to tll(!  111(:;  1s111’(:(1  ITsult,s.

I“or al] stages of tllc sca icc sl]cct  ova tl)c  2 di~wllal  tllm])a] cyc]cs,  k’igllrc 13 SI1OMTS
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c(JIII1)iIrisOIIs  of  diunlal  b~lcksctitter  sigllatluws  l)cllwtm] tllcoly  and ml)clilllclli  ai illcidcll~t

Hllgl(’s  fr(nll  2[)0 to 5 0 0. A l l  il)cidult  a]]glcs  llavc  IIigllcr  backscatt,cl  duri]lg  tl]c  wa]ll)

cl?(ytilllc  al]d  ]owcr  during  IIigllt,tilllc. Wllilc al)soll]tc  I)ackscaticr  is lnrgcr  a t  tllc s]]]al]

illcidcllt allglcof  Xi”, diurnal  variatimls  at this wlglc arc s)]lallcr  con]l)arcd  to variatliol]s  at,

IIllg(:lillci(lcl]t  a]]glcs. Ovcrall, tllcorctic.al  l):icl<sc?lttolf  c)llo~l’stllc”  dillrllal  cycling tllcl](ls

ill cxlmilllelltd  data. Glculatimls  al]d  data for colml~irizd Imckscatter  u},~l a]l(l OV,, alc

ill  good agrcxm)mt. All cxcq)tioll  is tllc lligll IIlcasurddt[ta  a{ 35° -500  cc)ll~:sl)()]l(lillgt(]

‘7.1-0]]  thick ice, which could lN causal l~y effects frolll  tllc side of the GI{F ]Mol i]] tll]is

sil]g(llar  case  wl]cl] tl]c  a]]t,c]]]]a  was  t,llrllc(l too ]IIUC,lI  ill azilllutll  t,(nvard  t,llc  c(:l]]cnt,  dg,c

of tl)c  IKd. Calcdatd clc)ss-l)c)ltll.iz(~cl  rctjunls  arc lower tl)all  IIlcasmd data which haw

l:~lp;cflllctllatiolls  al]d  tllc diml]al c y c l e s  alc]lotl  m7dl (Icfillc(l. 1)1 gc)lcral,  tfllc l]]()(lcl  I)asc(l

ml ldlysical lmqmrtics  of sca icc ulldcrgoillg  diurnal wanllillg  a]]d cooling cycles cal)turcs

tlllc dillrllal cycling cfrccts  as obscnd  ill  tl)c  IIlczlsllrclllcllts.

5 ●  Sllrnlm-lry

Wc sllcmssfully  amid out, MI cxlmilllu)t  a t  tllc Gcqdlysical  ltmcarch  l“acility  ill

tl)r C o l d  licgimls  llcscarcl] aIId l’;llgillccrillg  IJal)oratory  to stll(ly tl)c sigllatllrc  o f  dilllllal

tl]cr]llal  cycling ill  l)acl<scattcr  frolll  tllill  sca i c e . Tllc  icc  Slld F;]’(:W frmll  01)01  W?ltc’1’

mm 2 diurnal  cycles. l)uril}g  tllc ice growth,  wc took lmlarimctric  I)ackscatltcr w i t h  tllc

,Jct l’r(q)ulsioll  l,al)oratory l)olarilllctlic  sc~ittclo]llrt(l  at, C; l)al]d,  togctl~cr  w i t h  s c a  ice
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]Iuril]g this cxl)crilllcllt  i]) tl]c  wil]ter of I 994, tllc tmlll)cra{urc  was  silllilal  {0 tllc COIC1

Alctic.  willtcr  cxnltlitioll  wit]) tllc low C1OW]I  to -  360(;  (Iuril]g  IIigllt,tilllc  a]]d tllc daytilll(’

IIigl} at, only - 12°C;. ‘1’l]c allll)litlldc  of Illicllatitlldc willtcr  solar  ladiatio]l  was CIOSC to t,llc

Arctic cmlditiol].  ‘1’ogcthcr  with a call]] atnlosl)hcrc, tl]csc!  col]ditimls  were lmrticdarly

shit, al)lc  for t,llc  study  of dillrl]al  s ignature ill  l):lckscattcr. (~orrclat(xl  with tllc il]solat,i(n]

cycles, icc t(:llll)cl’?ltl~ll.c,  I)ril]c VOIUII)C, growth rate, t,llicl<llcss , al]d  a))issiml  SI1OWCXI dilullal

cy~l~s  wit]] a I?lg of [11)1)1’c)xillltltcly  2.5 Ilours frmll  tfllc s l l o r - w a v e  radiatiml IXak  at sola  I’

l]()(nl.  ‘J’l]c  il)itia]  glowt]l  w a s  abolltf 2  lIOIIIS  I)cfolc  IIigl] 1]0011  a]](l all illclll)atio]]  layu

c.olltaillill~  low sdillitly formc(l tllc to]) layer of  tile sca icc sllcct,  l)lwvclltillg  sulfacc l)lillc

ml )uI sioll.

IIlxl)cli]llclltl?il  ll-lcaslll(:lllc’lltsrc  \cfi 1 rq)catal)]c diurlla]  cycles ill  l~ackscattcr,  wllic]l

arc sylldlrollous  all(l wc]l corrclatd witl)  tl)c  c y c l e s  ill  sea ice l)llysical  l)aralllctcrs.  ‘1’llc

lm:kscattlcr  diunlal  variatimls  was  slllx+tlalltial  wit]l  111) to 6-dll  clltillg[:sl)(:t~l’c(:ll  day a]l(l

IIigllt.  Wc Ilsc a  dilullal  sca icc l)acksc.atltcr  ]]]odcl l.)asc(l  o]] tllcrll)til  and clt:ctlol]lagllcti(.

l)lol)crtics  of sm icc to calcu]atc lmckscattcr  a]ld  to cxl)lail)  tl]c  dillrl)al  cyclil]g  tral(l ill

{’xl){’lil))f:l]tl}ll  c)l)scl~~?it,ic)lls. 'l'llcc.c)lI)l) c)sitcl  l)()(lrli llclll(lill  gl.)c)tl]  >’c)llllllc  ?il)(lslllfticci lltf:l-

. . . .
~ictjlolls  acrmlllt)s  for colltrll)lltlvc  as well as c.o]]ll)ctltlve  cf~cct,  s ill  tllc scatltelillg lllccl)wlisllls

(lllc tl{) (lilllllal  valititiol]s  ill l)llysica]  l)al;illlctcls  of sea i c e . Calclllatimls fm ctq)olarizml

I)ac.l{sc.;ltter  c.0]111)2wcwc11  wiifl) data. ‘1’llcmdical  clc)ss-l)c)liilize{l  I.)ackscattcr is lowcrtllal[

IIlt:itslllcllj  clltjsl}cc.allsc  tllc tl]cory  dm!s l]otl illcllldc  collll)licatcd  icr col)ditimls  SIICI] as frost,

fl(nvcrs  al](l igllorcs IIigl)cr  order scattcrillg. Sil)cc this work is for lmckscattm  at (; lm]l(l

[il](l  all l)ol?il’iz?ltic)lls, it is llscflll  for al)l)licatioll to sl)accl~orIIe  ~a(la]s  SUC1]  as }’)1/Ss,  F, N-

\71SA’J’, WI(1 l{ Al) All SArJ’s. q'l)cillll)c)~ti(  lltillll)lictiti(  )ll[)ft,ll  (:1cslllt,sil1  t,llisl):ll)(:listllat



f o r  Sl)acc  Lliclc)cl(:ctlc)l)ics  ‘J’w.llllology, ,Jct l’rqmlsicnl  l,almatory,

of ‘1’dllldogy , a]l(l was slm)]so]d  l)y tllc o f f i c e  of Naval  lirscarc]]

agrcclllclli  wit,ll t,llc N’atiol]al  Acrollal~tics  :I)IC1 SI)RCC A(llllillistl’iltic)l).

11. S. Amy ~;]t]t~]J  \$’as IIII(lcI’()~]{  c[)]ltractsN  ()()014-95-hfl1’-3 OO2

Califoxmia IIlst,itllt,c

(ONI{), tlmmgh a],

~’llcl’(’s(!?lI’cll  l)J~ t!l)e

~lld N()()014-95-Ml)-

3019, l)y tllc h4assacllllsctts  ]Ilstit,llt,(:  of ‘J’dIIIology  u]]dcr  ONI{ cmltrac.ts NOOo14-89-J -

1 I 07 a]ld  NTOOOI 4-92-J-4098, a]]d l)y L1lC Ul]ivcrsit,y  of Waslli]lgtoll  ul]dcr  ONT1{ cmlt,racts

N()()()14-  89-J-114() a]]d NOO014-89-J-3132.
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1~’igure  2  I>llotogra])ll  d tllc J]’], C-l)a]]cl sc:itt(lc)lllct(l  alltclllla  II]oll]]td  01] t,llc ]Josi

timlm together  with tllc lip’ l)ox. ‘J’llc Wllolc fixt’ul’c  J\’tis  l)olk(l  011 tll(’  dmll)lc

1  l)cams alx)vc  t!hc GRF’ 1)()[)1 at cItliEI..

l“igurc  4 l)iurllal  rm]wnsc  ill k]]]lmatnm  of t}lc  sca icc sllcct  glmvillg m]dc] uvlrlllillg

a]](l coo]illg  c.yclcs: (a) tcl,ll,[:l[,tlll(:  ,,rofilcs  Of tl]c  S(,I icc al,{l sca w a t e r  a r c

lq)]<:sclllcd  by cOlltil~llOus cl]]vcs  aIld  tl)c  dotted  cwrvcs  i s  ?~ir tclll])cltit,lll(:

at, tlllc IIlctcc)l’c)lc)gic.al  statiml ])lot, t,ccl for  rcfclalcc; a)ld  (1)) growt]l ill sca icc

tl]ickllcss  m’cr 2.5 days willl 2 dillrlla]  cycles.

1+’igurc  5 Hmixontal and v e r t i c a l  tllill  scctim)s  Of sca icc for scvcra] grmvtll s t a g e s  at

tllickllcsscs  of ( a )  2 . 3  al], (1.)) 4 .() c]I1,  a)ld  (c) 8 . ( )  all, g’llc Illillillldcr  1)11]

1111( 1( ’1’ t]]c horizcn]tal  t]]i]]  scctio]] of t]]c 2.3- CIII  icc saIIll)]c  rcl)rcscmts  t,llc  sca]c

for all l~mizollt,al tllill  scctiolls. ‘J’l]c  IIIICI wit]] IIlillilnctlcr  lnarl{illg  0]) tl)c  to])
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rig]){ corllcr  d t,l]c 8-CII] vdical tllill  scx-tioll  i s  tl)c  sca]c  for a l l  veltica]  tll)ill

scctliOlls. ~’l]c illculmtlicnl lnycr  is cvi(lmlt  ill ~il)l)loxilll;lt(:ly tl]c  tcq) 5 111)11  of all

v~~t,i~~l  (])il~ s~~tic)lls,

1{’igum 6 %lillity  I)mfilcs  for  scwcrfi] grmvtll stagm at tllicl(llcsscs  of 4 ,  5, 7 ,  9, WI(1 1 1

CII1. Near surf  am icc layer l]as low salinity  ill all cases ill(licatillg  t,llc  illcul)a{im]

]aycl’.

l“igum 7 111111<  ])ro])cltics  of t]]c ice sllcct as flll)ctiolls  Of tjllickllcss  for all grmv(]l  stages ill

2 diur])al  cycles: (a) the tq) ]ml]cl is for bul]< salinity, (1)) tllc II)iddlc  ])allc] fm

average  icc tfcl)lpcraturc,  a]]d (c) tjhc lmttlwll  pa]]cl  for fract)ima]  Iwi]]c  volmnc.

l“igurc  8  IIriglltncxs  tc:llll)cl~ltlllcs  of tllc sca icc sllcd at 90 (; Hz a)ld  50° illcidcllt,  al J-

glc: ( a )  tllc tcq~ ~)al]cl  is  7]~), fOr llOrizOlltal  l)olariy,?ltio]l a]]d ( b )  tl)(! l)Ott,Ol]l

lmllcl  is 7jjl, fm vcltica] l)[)l?lliztltjiolj. Syllll)ds  al’c IIl(msllrd  data all(l clll’t~cs

arc ])icccwisc  quadratic  f i t s  fol (’acl I dilllllal

data at e a r l y  growth  stages o f  4 ]11111  01”  1(!ss

illllc)lllogcllcc)lls  a]]d colll])licatfcd.

llmIlal  C.yclc. ~’llc  f i t s  CXclll(lc

W]ICII  t,ll~ l)]Iasc  transit,  iol] Was

1{’igurc 9 olmnd  d i u r n a l  cJ7cles i]] l)orizcnltally  l)olarizd  I)ackscattm  fo r  a l l  grmvtll

s t ages  wi th  wanlli]lg R])(I molil]g  c.yc]cs sl]m~’11 ill  icc Sllrfacc  t(:llll)cl’;ltlll’c.  }4’01’

I)ackscattcr,  tllc filled circles arc at, 2G0 illcidcllt al]glc  al]d  ])lllsscs  arc at 300

illcidclltj a]]glcc 14’01 tcllllmatlurc,  t,llc o~)cll circles a]c {Iata takul  with a digital

tlllcllllc)lllctlcl m] scm icc sllrfncc ]]C*IJ tjllc sc:ltt(:lc)]il(tc~  arm a]ld  CNsscs  are

(Iata oljtaillcd  wit,]l  t,llcr]l)ist,ors  o]] t,]lc icc slllfacc  at, t]lc  fa] c]]d o f  t,llc Glt]{’



1~’igure 10

l“igure 11

l“igure  12

l’igure  13

pd.

Scattcriug Cc)llfiglll:ltic)ll  o f  tl]c  Cml)l)ositc  il)llc)lll[)gcllcc)l~s  laycrccl  ]11o[1c1  fc)l

d iu rna l  backscatter  frol]l sea ice.

(knll]mriso]l  of  ]mlarillldric  backscatt(:r  data aII(l  IIIOC1(l  calclllaticnls  a s  flulc-

tions o f  illcidcllt  alIglc  for t h e  illtfcllllc(lizit(  gI(nvt,lI  stagy  at 5.4-CIII t]lick  i c e :

(a) ‘1’l]c top ]Jallcl  i s  fdr lmckscattc*i*lg  Cocflicim]ts  CJI,II,  01,1,,  o~,,, all(l  (1,)  tllc

II]iddlc  ]m]lcl for magn i tude  of colll])lcx  corrclntiml  cocfficimlt  p lmtwea) llOri-

zm]tal al]d  vcrtica]  rcturlls, a]]d (c) tllc I)otjtmll l)a]]cl for ~d]asc of p.

Cknlllmrison  of ]mlarizatim]  sigllatllrcs  d“ swl icc vcrslls  ]darizatiml  OriclltfatiO]l

al](l clli])tjicitly  allglcs  at, 4 0 0  illcidmlt, a]]glc  fol tl]c  illtcrll)diate  growt])  stage

a{ 5.4-clll  thic.li i c e : ( a )  lx,la*izatiOl]  signature  frc,ll] ,,lmsll]d  d a t a  a*ld (1,)

pc)larizatio]l  signature frmll  IIlodcl  rcsu]ts.

(knlllmrisOm  Of lllcasurcd aI]d calculatd  Ixiclcscai ter for all growtl) stages ill

2 diunld  thermal cycles  for illcidm]t  a]]glm  at 25°, 300, 35”, 400, 450, and 500 .

}’br IIlc:aslllclllcllts,  sqmrcs  rqncsult  o ),)1, t r i a n g l e s  arc Ot,ll, and cmssm arc

calclllatjimls,  cmjtillllmls, (ladled,  all(l das l ) - ( lo t t ed  curvm lq)lmcllt

and a~t,  , mqmdivcly.
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Salt ‘J’yl)c Cllclllictll  l{e])lcsc~llttltic~lk h4ixillg  l)oltioll  (kg  . 11]- 3,

Sc)dilll)) CIIlroridC NaCl ?.4.0

Al;lgt](sill]ll Cl]lrori(](: h4@z 3.2,7

Magl)csillll]  Sulfate i!4F;S04 1.50

Calciulll Sulfate C a s e , 1 . 1 0

l’otl~lssiull~  S u l f a t e l{zsoq ().698

(Lilt.iull] Carlmnate Cacos 0.104

‘J’ab]c 1. Salt, c{)lllj)r)sit,io]l  o f  sca  watm  USC(]  iII t]]is  cx])criIncIlt.


